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Abstract
Performance evaluation and parametric studies of an Inertance Tube Pulse Tube
Refrigerator (IPTR) are carried out for diﬀerent length-to-diameter ratios, with the
Computational Fluid Dynamics (CFD) package FLUENT. The integrated model con-
sists of individual models of the components, namely, the compressor, compressor
cooler, regenerator, cold heat exchanger, pulse tube, warm heat exchanger, inertance
tube and the reservoir. The formulation consists of the governing equations express-
ing the conservation of mass, momentum and energy with axi-symmetry assumption
and relations for the variable thermophysical properties of the working medium and
the regenerator matrix, and friction factor and heat transfer coeﬃcients in oscillatory
ﬂows. The local thermal non-equilibrium of the gas and the matrix is taken into
account for the modeling of heat exchangers and the regenerator which are treated
as porous zones. In addition, the wall thickness of the components is also accounted
for. The results of the thermal equilibrium and thermal non-equilibrium models are
compared. Dynamic meshing is used to model the compressor zone. The heat in-
teraction between pulse tube wall and the oscillating gas, leading to surface heat
pumping, is quantiﬁed. The study is extended to other types of PTRs, namely, the
Oriﬁce type Pulse Tube Refrigerator (OPTR), Double Inlet type Pulse Tube Refrig-
erator (DIPTR) and a PTR with parallel combination of inertance tube and oriﬁce
(OIPTR).
The focus of the second phase of analysis is the pulse tube region. The oscillatory
ﬂow and temperature ﬁelds in an open-ended pipe driven by a timewise sinusoidally
varying pressure at one end and subjected to an ambient-to-cryogenic temperature
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diﬀerence across the ends, are numerically studied both with and without the inclusion
of buoyancy eﬀects. Conjugate eﬀects arising out of the interaction of oscillatory ﬂow
with heat conduction in the pipe wall are taken into account by considering a ﬁnite
thickness wall with an insulated exterior surface. Parametric studies are conducted
with frequencies in the range 5-15 Hz for an end-to-end temperature diﬀerence of
200 K. Flow and temperature distributions inside the tube are obtained. As the
pressure amplitude increases, the temperature diﬀerence between the wall and the
ﬂuid decreases due to mixing at the cold end. The temperature diﬀerence at the
hot end is less sensitive to the pressure amplitude. The pressure amplitude and the
frequency have negligible eﬀect on the time averaged Nusselt number.
The eﬀect of buoyancy is studied for hot side up and cold side up conﬁgurations.
It is found that the time averaged Nusselt number does not change signiﬁcantly with
orientation or Rayleigh number. The variation of Nusselt number and velocity is
smooth for zero Rayleigh number cases, but sharp changes in these quantities are
observed when natural convection comes into play. An increase in energy transfer
through solid as well as gas is observed for cases with hot end placed down. The
Rayleigh number does not have much eﬀect on heat ﬂow through the gas and solid at
lower pressure amplitudes but there is some inﬂuence at higher pressure amplitude.
A preliminary experimental setup is fabricated on the basis of the numerical
results. Apart from the thermal design, the most challenging task is the fabrication of
the double-opposed valveless compressor and the linear motor which involve precision
manufacturing. The testing of this ﬁrst design disclosed a number of areas where
improvement is required. The setup is being improved to bring out a second and
improved version for the attaining lower cold heat exchanger temperature.
